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A B S T R A C T 



Efficient ope'ratlons and maintenante save;s money! 
.Since 1956, nearly $20 billion has been spent through ^ _ 
EPA' a Construction prants Program to build new: waste- ' 
water treatment facilities or to lapgrade existing plants, 
if la plant falls to do the job it's su^ppsed to, or^de^ 
teriorate-s,, these tax monies are wasted" Ther^ is con- 
clusive evidence that orie-thlyd to^ one-half of existiing 
plants, are not operating effectively and. efficiently^. 

Undei the sponsorship onf the Mtmiclpal ^Operati^s 
Br^arich , t^e Operatloiij Maintenance , md Management ntenuals 
described pri the following pages , were prepared by operations 
spe'Clallsts with years of in-planc experience. The tnanuals 
were developed in cooperation with EPA .regional technical 
staff, as well aS State and local governmental personnel. 
This Blbiiography presents a summary description of 'the 
data included *ln the manuals / It will be noted that a <^ " 
brofd spectrum of key information Is jovered, ranging from 
. desqriptions of process con^onents an guidelines, for plmt 
sta^t=up, to troubleshootings preventive maintenance and 
laboratory testing procedures. Ae^robip and Anaerobic Sludge 
Digestion aae addressed, and Inmlude case .histories of op- 
erational experiences and problpm-solving techniques . The 
materials ar^"^ designed to assist the operators , plant owners, 
conSulting^ engineers and educators . 
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Copies of the manuals may^ be .obtained by writing direct 
the tf.S. Government Printing Office, or the National Tech- 



nical Information Service 
are include^ as Appen'Sices 
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I and V respectively 



direct orders 
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A listing: 
back cover 



Questions relating to any of thebe documents 
directed*to the appropriate EPA Regibnal Office. 
o£ these mailing addresses Is shown ori the inside 
of this Bibliography. Inquiries may ^alao^ be submitted to 
the Mimlclpal Operations Branch (WH-5961^,/0f flee of Water 
Program Operations, United States Envlrqtimental Protection 
Agency, 401 "M^' Street, S.W., Washington- D.C, 20460, 
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A PLANNED MAINTENANCE mNAGEMENT S^TEM 
FOR^ MmilCIPAL WASTEmTEft TREATMENT PLANTS 



This Information was developed md succassf ully^ 
demons trat€d as a Planned Maintenance Management Sys- 
tem (PMlS) at the l&-mgd Lower Potomac Wastewater 
TreatiMnt Pl^t of Fairfax Comty, Virginia. It out- 
lines a model maintenance mmagement program fCr waste- 
water treatment plants throughout the United States i - 

SpeclfiQS of maintenance needs on each* item of^ 
plant equipment are provl'dad' and instructions oh fche 
malntenmee of eoti^ lex equipment are reduced 'to sinrplfe 
procedures. For each procedure, the system include^ 
details of the ^ethods , materials , tools and personnel , 
rpqulred; schedules the .task, and provides for data 
recording and feedback. 

During the 12-month demonstration of the PMMS , a 
steady downward trend was noted in the frequency, of mal- * 
functions in various mechanical equipment. In many cases 
the early detection of danger sipis led to positive cor- 
rective action In preventing breakdown^. , 

This report describes the system in technical de*- 
tail; thoroughly explains the installation of the system, 
including acceptance by the mechanics and coordination 
with plant operations J and outlines an application of the 
system to other wastewater treatment facilities. 
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^PECTS OF STATE -WIDE EMERGENCY RESPONSE PROfeMMSv 
FOR l^ICIPAL WASTEWATER TREATMENT FACILITIES ' 



The material provided in- this documant is designed 
to assist in the development of^State emargency programs 
In responding to spills of raw or inadequately treated 
mimieipal wastawmter. It emphasizes the legal aspects 
of spill reporting, tiie definition of a reportable spill 
md State-wide aspects of emergency response planning. 

Preliminary gteps. In this work Included a review of 
^ existing and proposed Federal statutes and currant State 
water pollution^ control laws and regulations. Over 55 ' 
State and InteMtate agencies were asked to provide In- 
Information on existing or future water pollution contin- 
gency plans; over 200 wastewater treatment facility mana- 
gers provided 'data on emergency actions. 

Each State response plan must, of course, be adapted 
to the local situation. 



^ PR0CE5B CONTROL ,mNUAL FOR 
AEROBIC BIOLOGICAL WASTEWATER TREATMENT FACILITIES 



This document: will provide an on-tha-job teference " 
^for operators of activaGed sludge a^d trickling filter 
wastewater treatment ^plants . It will also assist opera- 
tors in esuablishing' process control techniques and in^ 
optimizing the performance of these two aerobic biological 
treatment systems, ^ . ^ ^ 

Tfte* manual / presented in three -emj^r 4tvie ions , in- 
clydes: The Activated Sludge Process - The Trickling , Fil- 
ter Process , -^ahd Appendices. Major subject matters are. 
divided into the following sections : TrQubleshootlng ; 
Process Control ; Fundamental's ; and Laboratory Control , 
These sections emphasize the fimdamentals of operating 
and controLling aerobic biologloal treatment processes,, 
section is presented in sufficient detail^ to allow 
ider ,to use thfem Independently, ^ - . 



Each 
the rea< 
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' OPERATIONS MANUAL 
ANAEROBIC SLUDGE DIGESTION 



Included In this manual are comments solicited 
from treatment plant operators throughout the comltry 
on the operation, control ah^d trQubleshootlng of anae-- 
robie sludge digesters. Major contributions are also 
included from scientists and engineers. 

Case histories of operational experiences and 
,p rob lem= solving form a section of the publication which 
will be useful to plant operators, designers and engi-^ 
^neers who are interested In digester operation and theory 

The subject of anaerobic digester /operation In mu= 
nicipal wastewater treatment plants. is presented by 
covering the area of troubleshooting, general operation , 
safety, start-up of units, basic theory, sampling, lab- 
oratory testing and other subjects relevant to day=to*day 
operations. The document Is intended for plant operators 
who have anaerobic digesters aS p^art of their total treat 
ment process. It is structured so that each section is 
comprete wlthip* itself and Indexed for quick reference. 
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CONSIDERATIONS ^ FQR^ PREPARATION 



OF 



« 



OPERATION AND MAINTENi^E ^^NUALS 

.1 - - ~r " ' * ^-r^ — 




Soma of the information Ineluded was extracted 
from the appendix of the "Federal Guidelines for De- 
sign, Operation and Maintenance of Wastewater Treat- 
ment Facilities-', (1970), Information was gathered ^ 
from^ individuals eKperienced in the preparation of 
plant O&M manuals and data con^iled from existing O&H 
manuals . ^ : 

The document contains separate' sections on each 
major £opic recoiimended for inclusion in an 06eM manual 
and detailed discussions on the type of information to 
be inclyded, A suggested manual outline is presented 
for treatment plants ; another for punning stations and 
pipelines. The guidelines are not intended to present . 
a rigid format; each manual must be adapted to the local 
situation. ^ • ^ 
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EMERGENCY PLANNING FOR 



MUNICIPAL WASTEWATER TREATMENT FACILITIES 



Information provided in this dociment is desiined 
assist those^ responsible for developing con^rehen- 
siva eMrgency operating procedures and ^ystams for 
wartewater treatment facilities. It provides assist- 
ance for treatment plant staffs to use in explaining 
to local governing bodies, the need for additional ftmda 

to remedy malftmctloning mits at their plants . The 

material is also useful ^ for mimicipal department heads 
and staff 'in developing plans suited to the peculiarly 
ties of their plants. It assists regulatory agencies 
in eval^uating the emergency operating program sections 
of the O&M manuals . , 

Consulting engineers" may ^e it; as a guide for 
writing the emergency^ operating portion of an 06M 
manual for any milnicipal treatment system, Gtfidanca 
is provided to ensure each plant's discharge of pol- 
lutaits does not exceed the. effluent limitations dic- 
tated by the facility -s dts charge permit. . 
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• ESTIMATING LABORATORY NEEDS FOR 
' MUNICIPAL WASTEWATER TREATMENT FACILITIES 



,Becai2se^ treatment processed and ^combinat ions 
J / . . of prQcesses yary >widely, laboratory needs must be 
■ ' specifically tailored to each installation. This 
^ nianual providflLg data to make possible the rough 
estimation of laboratory needs for municipal waste- 
water ^eatment plaMg . ^ Criteria for physical fa- 
cilities', "staff Ing ^and laboratory aeryices are in- 
cluded.^ Considerations '^for sampling an^ testing 
,»needs are presented for individual processes , and^ 
include the minimum and the best testing require- 
^ ments . The testing programs are designed to meet 

the needs of each process . ■ ' . 

Guidelines for equipment anTf supplies, are- di- \ 
Vvided into six categories: Major Equipment; ,Mis- 
• cellaneous Equipment; Expendable Supplies, Glass and . 
Plasticwarel Test Kits; and Chemicals, The guidelines 
for Major Equipment arid Chemicals^ are based on test^ 
/ ing requirements, while the others are usually general 
. afnd indicate/items -vneeded at OTiy laboratory. , 

Estimates for ^staffing needs are given as the 
annual base man-hours for laboratories serving the 
several types of treatnieiit facilities, and include 
methods for adjusting the number of man-hours for 
local conditions. The manual desc^bes two ways of 
-optimizing laboratory services : . regional laboratories 
serving several facilities, md local laboratories serv-- 
ing both water and was tewater^f acillties . 
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ESTIMATING STAFFING FOR 

' MU NICIPAL W ASTEWATER TREATMENT FAQILlTIES 

_____ — . — " — " " " " ^ — — ^ - ' - - — 



Materials in this document are intended primari^ly for 
consTjlting engineers, plant management personnel ^ State reg= 
ulatory agencies and the Environmental Protection Agency. 
Th'e manual desGribes a four=step' method- for preparihg staffs 
ing estimates for sewage treatment; plants . It covers plants 
with capacities from 0^5 to '25 mlllipn gallons p^r 'day ^n^gd) 
of sewa'ge , using primary , secondary and advanced treatment 
processes.. The four" steps^ des^cribed provt'de guidance to; ^ 

^1. Dg^lop, u^ing a "Table pi Adj^ustment for L-ocal' ^ 
Condi tioris^t :factors for indreasing or decreasing stafMng 
needs relative , to those requited for ^an /^average" plant . 



2/ Develop the staffing for an "average" plant usingv 
staffing, curves showing annual man^ho,ur needs , Items cov-^ 
. ered are : , v ^ 

. * a. Supervisory, clerical, labot^tory and yard 

tasks, based on ^plant design capacity. 

b. Operation and maintenance work on the basis 
of both plant design capacity and t^es of 
process itoits or steps. The operation and 
maintenance m^n-hour needs for certain types 
of non^contlnuous processes on the bas'is of 
the time that the- equipment' for these processes 
is in operation. 

3. Increase or decrease the annual manhour staffing 
for the ab^ve listed types of work /u^ing the factors taken 
from the "Table of Adjustment for Local Conditions". 

4. ^ Analyze anfd break-down staffing functions into 
specific tasks , ^ 

Note: Staffing estimates prepared according to this manual 
should not be used as rigid or final requi^rements , The ulti- 
mate decision on staff requirements for a particular plant 
should be determined by personnel familiar with similar 
■plants under similar circumstances. 



MAINTENANCE MANA GEMENT I S ^^TEIIS FOR 
MUNICIPAL WASTEWATER FACILITIES 



Basic ^information furnished in this document - 
^as obta^i^d from Individuals experienced in^mainte^^ 
nance management systems at various -sized f aci llties 
EkIs tlngl sys terns ^ere revlewecj"'at different munici^ ^ 
pali ties/ 
ments . f 



the private sector and ^defense estabJLish-- 



{ The manual ir^cludes a number of recommendations 
covering each of the basic elements required- to develop 
an affeetlva maintenaitce management system. These rec-^ 
ommendations may ^ be ,tailc7red or modified to meet spe- 
cific equipment and plan^ type requirements. The pro-- . 
cedures are comprehensive and will assist in the devel- 
opment of effective s;/s terns. 
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OPERATIONS MANUAL 
PACKAGE ^TREAl^IENT PLANTS 

Package treatment plants were originally designed * 
to serve areas not easily connected to existing sewage 
treatment plants. Such areas^ include the subdivisions 
developed irt^ the "fifties" and commercial establishments 
such as res taur ants / motels and parks. More recently, , 
package plants have increasGd in size so they can serve 
sjnall municipalities. Many were insta.lle^ with the con-- ^ 
cept the .'plants would operate with .little or no, operator 
attention. However, to meet today"S mora demanding pol^ 
' lution discharge regulations, these plants do require 
daily attention by a knowtedgeable and conscientious op- 
etator thoroughly familiar with the plant. Materials in- 
cluded *in this m^ual are designed to givf the operator 
an increased knowledge of the basic principles in the 
effective operation of a package treatTR^t plant. 

The document is also directed to the plant owner and 
the design engineer. The owner may be either the actual 
purchaser of the plant, if privately owned, or the Indi-- 
vldual(s) or group rGSponsible for making policy decisions' 
concerning the treatment plant, such as a city council. 
The oxmer is responsible for enlarging the treatmentv^ plant 
when necessary, controlling sewer construction practices in 
the service area, keeping supplies at the plant and super-^ 
vising the operator. Most Importantly, the owners in the 
J final analysis , is legally and administratively responsible 
for the performance of the treatment plant. Detailed des^ 
criptions are provided, which outline the duties and re-^ 
spons ibilities of the owner. 

Also, for the engineer, this manual provides informa- 
tion that can be used wholly or in part with an O&M manual, 
prepared for a spocific plant. It may be valuable to the 
consulting engineer in plant selection, by alluding to ' 
various design paroblems inherent in previous package plant' 
installations* 
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FIELD MANUAL FOR 
PERFOTOlANtE EVALUATION AND TROUBLESHOOTING AT 
. MUNICIPAL WASTEWATER TREATMENT FACILITIES 



This manual is considered useful as a technical 
field guide or reference document for improving the 
performance of mimiclpal wastewater treatment plants, 
A primary objective of the document is to provide a 
troubleshooting ^guide for identifying, analyzing and . ^ 
solving operating problems. It ia also useful in EPA 
dnd State training courses for plant inspectors and ^ 
per^formmce evaluations. Consulting enginefers , de- 
signers, plant ^ operators ^ educators and students may 
also find the information useful. ^ 

A description is provided on procedures to evaluate 
the performance of treatment processes oiid equipment com 
monly used in municipal wastewater facilities. The pro- 
cedures also cover other items related to the effective 
operation of mimicipal wastewater treatment plants. 
Troubleshooting and performance evaluation material is 
provided for each imit process coiranonly used in waste- 
water treatment facilities. 

The style, language mid format of the manual are di 
rect.ed to the level and technical knowledge .of a tech- 
nician having some experience in plant operation ^ design 
inspe ct ion or performance evaluation , ^ 
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Operations manual 



SLUDGE HANDLING AND CONDITIONING 



This manual waa initiated with the overall objec^ 
tive of providing guidance to assist in the proper op- 
eration and maintenance of various sludge processing, 
conditioning and^ disposal systems at wastewater treat- 
ment plants: En^hasis is placed on the establishment 
o'^f good operational procedures , proper testing, effec- 
tive measures for detection and correction of bpera-- 
tlonal problems.' The style and format of the manual 
'is tailored to the needs of the potential user. 

The processing and disposal systems presented in 
the document include those , designed to treat various 
types of sludge generated frojn primary, secondary and 
chemical wastawater treatmant processes. The principal 
sludge processes and imit operations are included such 
as sludge thickening, stabilization and conditioning, 
chemical and heat dewat^ring, heat drying, and ultimate 
disposal systems, 

Step-by-step operation and maintenance procedures 
are presented for the various systems. Each section 
contains explicit instructions on prpcess control pro- 
cedures for detecting and correcting operational prob-- 
le'ms . Plant type and size are considered where ap- 
plicable to operational procedures -. Useful trouble^ 
shooting guides, solutions to design shortcomings and 
descriptions of design variations of particular pro- 
cesses are also included. 
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OPERATIONS MANUAL 
STABILIZATION PONDS 



Stabilization ponds for wastewater treatment were 
first used In the midwest for remote communities.. They 
have since been used extensively in varLDus parts of the 
coiaitry. In addition to domestic uses, ponds are now 
being used to treat various types of industrial wastes , 
including vegetable, oil refineries, slaughter houses, 
dairies J and rendering plants. ^ ^ 

The manual . is intende d to : 

^ . ' ■■ 

A. Supplement the specific operation- and maintenance 
manual prepared for municipal ponds . • 

B. Provide basic information on the theory of stabili 
zation pond requirements for the entry-^level operator. 

C. ^ Provide operation and maintenance suggestions for 
operators based on current pond experiences. 

D Provide a troubleshooting guide in handling various 
problems common to ponds . 

The document is divided into six major divisions: 

I, The Basics - ' 

II, Control Inforniation 

III. Operation and Maintenance for Ponds 

IV. Troubleshooting for Ponds 

V, Safety ^ ' ' 

VI, Appendices 
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' START-UE OF MUNICIPAL . 

_ — — 

WASTEWATER TREATMENT FACILITIEg^ 



Thife document serves as a guide for establishing 
the Initial outline for the operation of a new municipal 
wastewatet treatment plant, a fncw addition ^to an 'e-K,! str- 
ing plantVor a change in the mode of a plant * p .operation. 

Information provided ill preparing for actual 
treatment pl^nt start-up, including: staffing, develop- 
ing standard^; operating ^ procedures ; 'establishing' proced- 
ures when construction is continued during start-up; dry 
and wetrun testing of equipment; on-site operator "train- 
ing; md safe|ty training, 

- ^ ^ . . , • 

Start-up procedures are described for some o"f the 
m_ore common, pre- treatment and primary treatment units^ 
Methods are also provided for specific secondary- treat- 
ment processes of activated sludge,* trickling filters, 
s tablldzation ponds and aerated lagoons, as well as 
sludge- handling units and the anaerobic digastipn process 
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Stabilization Pot^ 

Start-up of Municipal Wastewater 
Treatment Facilities 

\ 



PB Number 



PB2$111/AS 



PB2 79|551/AS 

PB2 79474/AS 
PB250129/AS 

PB227096/AS 
PB256612/AS 

PB256613/AS 
PB22 7321/AS 

PB256611/AS 
PB2 79444/AS 

T'B2 79448/AS 
PB2 79449/AS 
PB279443/AS 

PB256614/AS 



Price ' 
Pap a repp V M'i crof i ch£ 



$ 6.50 

5 .25 

12 .00 
9.00 

9, 50 

6 . 00 

7.25 

. 6.00 

6.50 
6 .00 

13.25 
12 .50 

5 ,00 

6 . no 



$ 3.00 

3.00 

3.00 , 
3.00 

3.00 

3.00 / 

3.00 

I 

3 . 00 

3.00' 
3.00 

.3.00 
3 . 00 
3.00 

3.00 



ERIC 



Appendix V 



all^ fiOVEHNMiNT PRINTING OFFICE liJTH 7^'l , ill-i I . 



— -'■^'^ ORDER FORM 

To : ' ^National Technical Informatlok Service, U.S, Department 
of Conmerce, 5285 Port Royal Road, Springfield 
Virginia 22161 

\ 

Please send the following listed docuinentts ) : 

N o^-0£ _ . EI Indicate Papergonv Unit 

Copies Title of Document ^ No, or MicroficKa " Cost 




TOTAL ; 



My check/money order, made payable to the National Technical 
Information Service, is enclosed. 



(NAME) 



:firm) 



(STREET ADDRESS) 



(QITY) 



(STATST 



(ZIP CODE) 



NOTE: DO NOT SEND ORDER REQUESTS TO EPA 

'^^All orders must be sent direct to the National Technical 

Information Service t 



Appendix VII 



/ 



EPA HEOLONAL OFFICES 



For the States of: CT, Ml', >iA , 
NH, RI, VT 

0 pera t i Q n and Ma Int g naiic ti S ev I i o n 
Municipal FacilltieH Brancli 
Water Division 
EPA Region t 
JFK FedGral Builflinn 
Boston, MA. 02203 



For tlu! SlntuH of; AR , LA, NM, 
OK, TX 

at ion and Main^EonancG Chief 
Municipar FacilitieB Branch 
Water Division 
1201 Flm Street 
FirHt £titGrna,tional Building 
Dalt>nM TX^ 7 5270 



For the StatOh; of. 



ru-. NY, PR, 



For the States of: lA, KS^ MO, 



MunirLpal Permits St'ction 
EPA Rejuon* LI 



26 FeOural Pja^: 
Mew York, 



a^ 

1000/ 



[nspectlon tiroup 
M'echnical Services Blanch j 

i 

DlvLsLon uf Surveillance &^Analysi^ 

2 5 Fun^ton R43ad 

KauH.^H Ci ty, KS , 661 15 



For '^the States of r OF, MD, PA, 
VA, W, DC ^ 

Municipal PerniLtn Brancli 
EPA RHgiun Tir 
6th & Wainiil: Streut?^ 
PliiladelphLa, PA. 1 ^ L 



For the btatoB of; Ah, F , OA, 
KY, MS, MC, SC, TN . 

OperatiO[i and Ma In t enanr Unit 

Technical SupDort Branch 

Water DivLsLOn 

EPA Ri^A itHi rV 

"34 5 Court Land St rc>eL . -h^ 

Atlanta, CA . 10 30S 



For the States of IF, IN, ML, 
MN, OH, WT 

Opera tl.on and Maintenance/Municipal 

Permi t s Sec: t ion 

Construct Lon Grants [sranrti 

Water .Dlv lii ion 

230 s! nearhorn Street 

Chicago, TL. 6060''* 



For the State of: CO, MT, ND, ■ 
SI), IIT, ' ' . 

Operation and Maintenance Section 
C o n t r o 1 T e c h n o 1 o g y B r an c h 
Water L31vislon s, 
I860 Lincoln Street 
Denver , CD , 30203 



For the States of: AZ , CA , HI, 
MV, American Samoa, Tr. Terr, of 
Pacific Islands, Cuam 

Water Investigation' Section^ 

rechnical Support Branch 

DrvLsiun of Stirveill ance & Analysis 

^15 Freemont Street 

San L'r.iaclsco , CA . 9^ 105 



Fur the Stales of: AiU.^. rO , OR, 
WA ' 

0[3uratlon and >!a intenance Unit 
MunLclpaL Section, Water Branch 
Water Division 
1200 Sixth Avenue 
Se/ittle, WA. 9B\0l 



2: 



